IT IS NOW RECOGNIZED that in some regions of the world where food-spoilage by fuingi is a problem, aflatoxins formed by the mould Aspergillus flavus can lead to prolonged human exposure and may be hepatocarcinogenic (Wogan, 1976) . The question arises whether their presence might alter the response to other factors, and in this connection it is important to evaluate the possible role of additional carcinogenic components in the environment. The following studies on the repair of 06-methylguanine reveal an interesting effect that could be relevant to the action of another important group of environmental carcinogens, the nitroso compounds. In view of the current debate on the potential importance of the roles of different environmental carcinogens (i.e. those associated with lifestyle or occupation, Anon., 1981) , observations of the kind made in this communication may be of interest.
Reports have already indicated that the chronic treatment of rats with dimethylphenyltriazene (DMPT, Cooper et al., 1978) , dimethylnitrosamine (DMN, Mon-* Permanent address: Shanghai Cancer Institute, China.
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Reprint requests. tesano et al., 1979) or diethylnitrosamine (DEN, Margison et al., 1979) can lead to an enhanced repair of 06-alkylguanine in hepatic DNA, and that prolonged treatment with 2-acetylaminofluorene (AAF) will produce a similar effect (Buckley et al., 1979) . As the two classes of carcinogen used in these pretreatments are very different in chemical structure, it was important to determine whether agents from other chemically distinct classes of carcinogen are capable of inducing a similar response. These results show that chemically unrelated compounds (i.e. nitrosamines, an aromatic amide and a fungal product, aflatoxin), which are known to be hepatoxic but activated by different mechanisms, are all capable of enhancing the repair of 06-methylguanine. Methods. -Male rats (220-240 g) were given i.p. itijections of AFB1, suspended in a solution of gum acacia (1.75% in saline); control animals received vehicle alone. At various times later they were given i.p. injections of 14C-DMN (2 mg/kg; sp. act. 3-8 mCi/mmol) prepared in saline. After 5 h the animals were killed, and the liver removed. In each case a small sample of tissue was fixed in formalin, embedded in paraffin, sectioned, and stained with haematoxylin and eosin. The remainder was frozen on to dry ice and stored at -30°C for isolation of DNA.
DNA was extracted by a modified phenol procedure (Kirby & Cook, 1967) and hydrolysed in 0-IM HCI (70°C, 30 min). Authentic marker compounds 7-methylguanine, 3-methyladenine and 06-methylguanine were added and the pH of the hydrolysate adjusted to 2-95. Purine bases were separated by chromatography (Lawley & Shah, 1972; Margison et al., 1976) on columns of 1 x 100cm Sephadex G-10 eluted with 0-05M ammonium formate-0.02% (w/v) sodium azide (pH 6.75) at a flow rate of 15-20 ml/h. The absorption at 260 nm of each fraction (4.5 ml) was determined, from which the amounts of adenine and guanine were calculated. The samples were dried and counted for radioactivity after addition of water (0-5 ml) and Triton-toluene phosphor (5 ml). These measurements were used to estimate the amounts of methylated purines, on the assumption that the specific activity of the 14C-labelled methyl group had remained unchanged.
RESULTS

Effect of single doses
In the first of these experiments (Table I ) rats were treated with AFB1 at doses which span the half LD50 range for the rat (IARC, 1976) . Twentyfour hours later these animals were challenged with a low dose (2 mg/kg) of 14C-DMN, and after 5 h the amounts of methylpurines formed in hepatic DNA were measured. There was no obvious effect of the pretreatment upon the rate of metabolism of DMN, as the amounts of N7-methylguanine present were similar for all pretreatment doses, but changes were detected in the amounts of 06_ methylguanine and 3-methyladenine in DNA. At a pretreatment dose of 2 mg/kg, there was a clear enhancement of the repair of 06-methylguanine, which is indicated by ratios of 06-methylguanine to 7-methylguanine, that are less than the Table T. expected value (0.11) for this alkylating agent . Below this (at 0 5 mg/kg) there was no effect, and above 2 mg/kg the toxic effects of AFB1 may have been responsible for inhibiting the repair process. These higher doses (6 and 12 mg/kg) also inhibited the repair of 3-methyladenine, as determined from a comparison of the ratios of 3-methyladenine to 7-methylguanine, but at the lower doses, and in the experiments reported later, there was no change in this repair function: the methylpurine ratio remained constant at 0 03 + 0-0015. The toxicity of the mycotoxin was also clear from the histological appearance of the liver, slight degeneration could be detected even at the lower doses, and, above 2 mg/kg, both degeneration and some necroses were present. In keeping with this, there was some evidence of a regenerative response, as judged by the incorporation into DNA of labelled 1-C fragments from the breakdown of 14C_ DMN. This was increased by pretreatment with AFB1 at doses of 2 mg/kg and above (Table I) .
Duration of the repair response
Although environmental exposures to aflatoxins are often protracted, it was of interest to see how long the enhanced capacity for the repair of 06-methylguanine could persist after a single treatment. In these experiments rats were pretreated with AFB1 (2 mg/kg) and chal- Table I. lenged with DMN at different times from 6 h to 35 days later (Table II) . The repair response elicited by this single dose of mycotoxin occurred between 12 and 24 h after pretreatment, and persisted at a similar level for at least 5 days. After this the response was more variable, but the ratio of 06-methylguanine to 7-methylguanine was consistently below that for the control rats even 35 days later. The control animals for the experiment, however, had a ratio of methylguanines that was rather higher than in other studies involving treatment with DMN at 2 mg/kg. This effect could be due to the injection of gum acacia. However, irrespective of these changes in control values it is evident that the enhanced response can persist for several weeks after a single dose of AFB1, though there may be more individual variation later. The timing of histological changes in the livers of the AFB1-pretreated animals, in comparison with the normal histology seen in the gum acacia controls, is as follows. From 12 h until Day 15 some degeneration was present, but by Day 21 and later this effect decreased. Necroses were obvious from 2 until 10 days, when they too began to decline. Proliferation of liver cells was not noticeable until Day 5, but this then persisted to a variable degree throughout the period of observation, and bile-duct proliferation followed a similar pattern. As seen in Table I , changes in the extent of incorporation of labelled 1-C fragments into DNA purines in this experiment were also consistent with some degree of proliferative activity during this period. The enhanced repair response can also be induced by a lower dose of AFB1 (Table III) , but the observed effect is smaller, takes longer to appear and is of shorter duration. At this lower dose there was little sign of a proliferative response, as judged by the extent of incorporation from the labelled 1-C pool. Although the livers of the pretreated animals showed signs of slight degeneration up to the 4th day after pretreatment, necroses were very rare, there was no detectable proliferation of liver cells and only one animal showed traces of bile-duct proliferation, at Day 10 when the repair-response had subsided.
Effects of multiple doses
A cumulative effect of low doses of AFB1 was also noted. Four consecutive daily doses of 0 5 mg/kg elicited a repair response (ratio of methylguanines 0.041) similar to that produced by a single dose of 2 mg/kg (Tables I and II) hanced, the response can persist for prolonged periods as the treatment is continued in the cases of DMN (Montesano et al., 1979 (Montesano et al., , 1980 , DEN or AAF (Buckley et al., 1979; Charlesworth et al., 1981) and we now show that it can also persist for a week or more after single treatments with AFB1. In livers in which this response is induced the repair capacity appears to be present in amounts sufficient to remove 06-methylguanine from DNA more efficiently than in the controls. However, in all the earlier reports only single challenging doses of labelled nitrosamine were given, so there was no indication whether the supply of induced enzymes might be easily exhausted. In the present series of experiments using a single dose of AFB1, administration of a low dose of unlabelled DMN (2 mg/kg) shortly after the response had been initiated by the mycotoxin did not alter the response when the animals were challenged later with labelled nitrosamine (Table II) .
It is now clear that the hepatic repair system for 06-methylguanine can be induced in rats by a variety of agents, i.e. DMPT (Cooper et al., 1978) , DMN (Montesano et al., 1979 (Montesano et al., , 1980 , DEN , AAF (Buckley et al., 1979) and AFB1. These agents are hepatotoxic to varying degrees and will react covalently with DNA after metabolism, and so would be expected to induce some degree of compensating regeneration. On the basis of the histological assessment this is indeed the case in the experiments reported here, in which proliferation of liver cells and of bile ducts could be seen after several days. The evidence provided by the incorporation of 14C-labelled 1-C fragments into DNA purines (Tables I, II and III) supports this conclusion, and there is a tendency for the higher levels of 1-C incorporation to correspond with the lower ratios of 06-methylguanine to 7-methylguanine. However, this correlation is by no means precise, and it is not possible from the present data to decide on the role of toxicity, DNA damage or any other factor in inducing this response. In practice, however, this enhanced capacity for DNA repair may afford cell protection in an organ which has to play a major part in the detoxification process. In this context it is of particular interest to note that an "adaptive" response may occur not only after prolonged exposure to an agent but as early as one day after a single treatment. In more general terms, this observation has wide implications not only for exposures of an environmental nature, but also for those occurring during therapy. 
